INTRODUCTION
THIS report presents a method of determining the dimensional changes in gypsum dental products, which avoids the disadvantages of previous methods and which provides extreme sensitivity.
As part of the program of research on the gypsum products used in dentistry, a preliminary study was made of various physical properties. This study, which included strength, thermal expansion, setting expansion, and other related properties, soon made it apparent that very little was known about dimensional changes occurring in these products when they are subjected to the technics used in prosthetic dentistry. Inasmuch as the final accuracy of a restoration is controlled to a large extent by these changes in the investing materials, a program was set up to determine the dimensional changes which occur when plaster and stone are subjected to the conditions found in dental practice.
PREVIOUS METHODS FOR DETERMINING DIMENSIONAL CHANGE
The methods which have been used by previous investigators, such as Coleman,l Taylor, Paffenbarger, and Sweeney,2 Worner,3 Docking and Donnison,4 and others, to observe the dimensional changes of gypsum materials used in dentistry have been directed more toward obtaining reliable data on the physical change in linear dimensions of dental plaster, stone, and investments during the setting process than the changes caused by the processing of restorations. The determination of the thermal expansion of casting investments has been the subject of numerous investigations. The equipment used most extensively for thermal expansion determination of dental materials is the fused-quartz tube apparatus5 which was developed to measure the thermal expansion of solids.
The methods used to observe length changes of gypsum after it has set have been rather crude and are not adaptable to observing the effect of various conditioning and processing technics. Basically, three methods have been used to measure these changes, with each having its characteristic disadvantage. Those methods that depend on a micrometer coming in contact with the surface of a plaster or stone sample are subject to error on repeated measurements because of the ease with which the surface is abraded or worn away. The methods which use index lines and a comparator microscope present practical difficulties in alignment and in getting suitable lines on the sample. D. Res. December, 1950 The necessity of developing a more suitable method for measuring plaster and stone specimens when subjected to conditions simulating those used in dentistry led, after several attempts, to the method to be described. In ordler to elarity tile uise of the aboxe metho(l, the followhicg example (Table I) The specimen was allowed to remain in the mold until setting was completed. After removal from the mold, it was placed in a saturated atmosphere for one-half hour to allow it to cool to room temperature. This was necessary because the specimen was heated by the exothermic heat of the setting reaction. All subsequent readings were also made at room temperature (approximately 230 C.) to obviate thermal changes during measurement. The specimen was weighed to the nearest 5 mg. and this value recorded as W. (Table I ). The length of the specimen was measured immediately by the method outlined above and recorded as Lo.
After these measurements had been made the specimen was stored in a controlled atmosphere approximating summer laboratory conditions (63 per cent relative humidity, 250 C.). At various intervals the specimen was removed and again weighed and measured. After 4 weeks' storage under these conditions, it was immersed in water (25°C.). This wetting and drying cycle was repeated 3 times. The method used for measuring wet specimens was the same as that for dry ones except that the specimen was removed from the water, wiped with a towel, and weighed immediately.
The first 4 columns of gives the total change in grams and inches. In order to compare specimens of slightly different weight and length, these changes were reduced to a percentage basis. To do this, a standard weight equal to the original weight minus the weight of the balls was used as the divisor. Similarly, a standard length equal to the original length minus the radius of each size ball was used to convert to per cent change in length. This length is the distance between the centers of the balls, and is the effective length of the specimen. Table II is a summary of 4 data sheets such as Table I . It presents the average values for 2 dental stones and for 2 model plaster specimens undergoing a drying treatment. Each pair of specimens is a duplicate which was made the same day and received the same treatment, but each specimen represents a separate mix. The plaster specimens were made with a water powder ratio of 50:100, the stone specimens with a ratio of 30:100. 
RESULTS
In Fig. 3 is plotted the per cent weight loss and per cent contraction columns of Table II . It demonstrates the relationship between water loss in drying and the resulting shrinkage, and indicates that it is apparently closely related to the chemistry of the CaSO4.
Knowing the water powder ratio used and assuming that the original powder was composed entirely of CaSO4 1/2H2O it is possible to compute the weight loss required to remove all excess water and leave CaSO4 2H20. This weight loss is indicated as 1 on Fig. 3 , and it is apparent that the removal of excess water has no appreciable effect on specimen length. Removal of more water will eventually transform the specimen from CaSO4 .2H12O to CaSO4 ½/2H20, and the weight loss required to complete this transformation is indicated as 2. It can be seen that this change is accompanied by a marked change in length. Removal of still more water results in a further rapid shrinkage, as CaSO4 1/2H2O is changed to anhydrous CaSO4, indicated as 3. This is of value to the dentist only if he can apply it to the selection of conditions that will prevent undesired dimensional change. In Figure 4 is presented, therefore, a graph of per cent contraction versus drying time for the same specimens, with the storage conditions as a parameter.
From this graph (Fig. 4) it appears that no significant change in dimension occurs as a result of storage of specimens under normal laboratory conditions, but that an increase in storage temperature leads to water loss and shrinkage. The calculated probable error of measurement of the data in Table  II is ± .004 per cent contraction, and ± .006 per cent weight loss. This means that the measurement errors in each observation fall within the area of the dots used in Figs. 3 and 4 , to represent an individual observation. It should be emphasized that these data are included only as a demonstration that the suggested method of measurement has sufficient sensitivity to measure the dimensional changes that occur in gypsum products under the conditions encountered in dental practice. Until the authors' investigation of the storage properties of gypsum products is completed, they wish to draw no conclusions about them on the basis of the above data alone.
CONCLUSIONS
The method described provides a means of determining the dimensional changes occurring in gypsum products with great sensitivity. It allows the use of a greater variety of treatments and avoids the failings inherent in previous methods used for this purpose.
